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SUMMARY  OF  WORK  ACCOMPLISHED 
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This  contract  supported  basic  research  in  two  separate  but  related  projects.  The  first  project 

(I)  involved  the  study  of  interactions  between  microorganisms,  primarily  bacteria,  and 
marine  invertebrates  and  macroalgae.  This  research  focused  on  the  role  of  bacterial  films 
in  the  settlement  and  metamorphosis  of  marine  invertebrate  larvae.  The  second  project  (II) 
involved  the  study  of  interactions  between  marine  bacteria  and  various  substrata  during 
the  process  of  bacterial  adhesion.  During  the  period  of  this  contract  a  total  of  twelve 
separate  manuscripts  were  published:  nine  in  refereed  journals,  two  chapters  in  books,  and 
one  in  the  proceedings  of  a  conference.'^These  publications  are  listed  at  the  end  of  this 
report. 


L  In  the  course  of  the  first  project,  we  examined  the  role  of  primary  microbial  films  in 
subsequent  macrofouling.  In  this  research,  the  attachment  of  larvae  from  two  fouling  sessile 
invertebrates,  the  balanomorph  barnacle,  Balanus  amphitrite.  and  a  bryozoan,  Bugula 
neritina.  as  weU  as  zoospores  from  a  green  macroalga,  Enteromorpha  sp.,  was  examined 
on  filmed  and  unfilmed  substrata.  Reports  we  published  showed  the  following: 

(1)  that  excess  concentrations  of  some  ions  inhibited  barnacle  settlement  while 
dibuteryl  cAMP  was  stimulatory  (Rittschof,  Maki,  Mitchell  &  Costlow  1986); 


(2)  films  composed  of  individual  species  of  bacteria  could  inhibit  the  attachment  of 
barnacle  larvae  (Maki,  Rittschof,  Costlow  &  Mitchell  1988;  Mitchell  &  Maid  1988)  and 
bryozoan  larvae  (Mitchell  &  Maki  1988;  Maki,  Rittschof,  Schmidt,  Snyder  &  Mitchell 
1989); 


(3)  a  single  species  of  bacteria  may  possess  a  number  of  biochemical  cues  or  other 
factors,  some  of  which  are  stimulatory  to  certain  larvae  but  inhibitory  to  others  (Mitchell 
&  Maki  1988); 

(4)  factors  in  addition  to  substratum  surface  energy  determine  attachment  of 
bryozoan  larvae  especially  when  bacterial  films  are  present  (Maki,  Rittschof,  Schmidt, 
Snyder  &  Mitchell  1989); 

(5)  increases  in  surface  energy  caused  by  the  presence  of  microbial  films  may 
contribute  to  increased  adhesion  by  algal  swarmers  (Dillon,  Maki  &  Mitchell  1989); 
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C6)  films  of  the  same  bacterium  adsorbed  on  different  substrata  elicit  different 
attachment  responses  by  the  larvae  (Maki,  Rittschof,  Samuelsson,  Szewzyk,  Yule, 
Kjelleberg,  Costlow  &  MitcheU  1990); 

(7)  the  exopolymers  of  the  bacteria  appear  to  be  involved  in  the  larval  attachment 
response  (Maki,  Rittschof,  Samuelsson,  Szewzyk,  Yule,  Kjelleberg,  Costlow  &  Mitchell 
1990). 

Additional  research  supported  in  part  by  this  contract  showed  that: 

(a)  gut  bacteria  from  the  flounder  and  squid  tmdergo  a  starvation  response  similar 
to  that  reported  for  planktonic  bacteria  (i.e.,  fragmentation,  dwarfing,  change  in  cell- 
surface  characteristics)  when  their  animal  hosts  are  starved  (Conway,  Maki,  Mitchell  & 
Kjelleberg  1986); 

(b)  methylotrophs,  bacteria  capable  of  using  reduced  C-1  compounds  as  their  carbon 
and  energy  sources,  may  occur  as  intracellular  symbionts  in  mussels  found  near  hypersaline 
seeps  (Cavanaugh,  Levering,  Maki,  Mitchell  &  Lidstrom  1987); 

(c)  moUicutes  can  exist  in  non-disease  associations  with  aquatic  invertebrate  larvae 
(Boyle,  Maki  &  Mitchell  1987). 

In  addition  to  this  work  two  reviews  were  completed,  the  first  on  the  role  of  lectins  in 
interactions  between  aquatic  organisms  (Maki  &  Mitchell  1986),  the  second  on  bacterial 
adhesion  and  its  consequences  (Maki  &  Mitchell  1989). 

II.  The  resu^  s  obtained  during  the  course  of  the  second  project  on  substratum- 
microorganism  interactions  and  the  adhesion  of  marine  bacteria  are  summarized  as  foUows: 

(1)  a  series  of  field  experiments  indicated  that  there  are  substratum  influences  on 
the  attachnrent  of  bacteria  and  that  the  processes  controlling  bacterial  adhesion  to 
substrata  in  antarctic  waters  occur  within  15  min  after  the  surfaces  are  placed  in  the  water 
(Maki,  Little,  Wagner  &  Mitchell  1990). 

(2)  Previotrsly  our  data  indicated  that  barnacles  attached  in  significantly  different 
numbers  on  films  of  a  single  bacterium  when  the  films  were  adsorbed  to  different 
substrata.  When  transmission  electron  microscopy  was  used  to  examine  the  adhesion  of 
these  bacterial  cells  to  the  different  surfaces,  the  cells  were  all  observed  to  have  the  same 
orientation  in  relation  to  the  surface  on  each  substratum.  Results  were  not  due  to  the 
preferential  adhesion  of  certain  portions  of  the  cell  to  the  substratum.  This  suggests  that 
adhesion  of  the  same  bacterium  to  different  substrata  must  be  controlled  by  the  chemical 
specificity  of  the  bacterial  exopolymer.  Attachment  responses  of  the  barnacle  larvae  may 
be  due  to  their  ability  to  detect  surface  changes  on  the  attached  cells. 

(3)  Enteric  bacteria  were  conjugated  with  marine  bacteria  to  insert  transposons  into 
the  latter.  These  insertions  caused  mutations  that  changed  the  exopolymers  of  the  bacteria. 


These  changes  in  exopolymer  affected  the  ability  of  the  cells  to  irreversibly  attach  to  a 
nvunber  of  different  substrata. 


(4)  Starvation  of  a  copiotrophic  marine  bacteria  resulted  in  the  response  of 
fragmentation  (i.e.,  cell  division  without  growth)  forming  dwarf  cells.  Vesicles  were  also 
observed  using  transmission  electron  microscopy  on  the  surface  of  the  starved  cells.  Protein 
synthesis  in  the  starved  cells  could  be  blocked  with  chloramphenicol  suggesting  that 
antibiotics  and/or  antimetabolites  could  be  used  to  examine  the  role  of  certain  metabolic 
processes  in  the  adhesion  of  starved  bacteria. 

Further  work  on  sections  II.  2,  3  and  4  is  continuing  on  a  separate  grant  from  ONR. 
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